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(57) ABSTRACT

A network multiple-input multiple-output (MIMO) wireless
signal transmission and power control system includes a plu-
rality of adjacently arranged cells. Each cell is a regular
polygon and includes a plurality of adjoining sides, a base
station located at a center of the cell, a plurality of directional
antennas equipped at the base station, and a power adjustment
unit electrically connected to the directional antennas. The
directional antennas point towards connection points of the
adjoining sides, and sectorize the cell into a plurality of kite-
shaped sections by regarding the directional antennas as cen-
ters. The power adjustment unit controls power output of the
directional antennas. By changing pointing directions of the
directional antennas, the cell can be sectorized into the kite-
shaped sections to significantly increase system capacity and
communication quality.

8 Claims, 9 Drawing Sheets
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NETWORK MULTIPLE-INPUT
MULTIPLE-OUTPUT WIRELESS SIGNAL
TRANSMISSION AND POWER CONTROL
SYSTEM

FIELD OF THE INVENTION

The present invention relates to a network multiple-input
multiple-output (MIMO) wireless signal transmission sys-
tem, and particularly to a network MIMO wireless signal
transmission and power control system.

BACKGROUND OF THE INVENTION

To satisty the demand for high data rate specified by fourth-
generation (4G) mobile communications, two key techniques
are adopted. One of the two key techniques is universal fre-
quency reuse (UFR) for enhancing spectrum utilization effi-
ciency of a system. The UFR technique however results in
severe co-channel interference, which is most significant for
cell edge users (CEUs). Therefore, the other technique,
namely network multiple-input multiple-output (MIMO), is
utilized for enhancing communication quality for CEUs. In
two main 4G standard organizations, Long Term Evolution
Advanced (LTE-A) and Worldwide Interoperability for
Microwave Access (WiMAX), network MIMO is respec-
tively referred to as coordinated multi-point (CoMP) and
collaborative MIMO (Co-MIMO). An intention of the net-
work MIMO is to combine multiple antenna signals by coor-
dinating collaboration among multiple neighboring base sta-
tions, so as to solve the issue that CEUs are in long-term
exposed to unsatisfactory communication quality under the
universal frequency reuse technique. Thus, without increas-
ing a bandwidth or a total transmission power, through signal
processing of multiple antennas at transmission terminals and
a reception terminal, spectrum efficiency of a wireless com-
munication system can be remarkably enhanced to further
increase the data rate and to improve communication quality.
In a network MIMO system, each CELT has a corresponding
cooperative cell set (CCS), and is collaboratively serviced by
all base stations within the corresponding CCS.

The US publication No. 2012115469 discloses method for
user equipment (UE) indication and measurement for inter-
ference coordination. Through the UE, limited radio
resources are confirmed and it is not necessary to receive a
precise measurement configuration. Further, through the UE,
interference statuses and/or additional interference informa-
tion of the UE may be reported to a corresponding base station
to reinforce interference coordination. In addition, measure-
ment results of the UE may also be utilized for scheduling,
RLM and mobility management to further optimize radio
spectrum performance as well as to improve user experi-
ences.

In an MIMO network, in order to reduce interference
between cells and to enhance CEU performance through col-
laborative transmission between multiple cells, the research
interest in MIMO networks and inter-cell interference coor-
dination (ICIC) such as fractional frequency reuse (FFR) in
cellular mobile communication systems continues to grow.
The study of ICIC strategies on top of network MIMO sys-
tems has drawn increasing interest, where cells are divided
into sectors for efficiently managing radio resource and miti-
gating inter-cell interference. However, these results were
proposed without proper analysis on a close relationship
between cell sectorization and a system capacity. FIG. 1
shows a conventional sectorization method, In FIG. 1, a cen-
tral coverage area 1 neighboring to a center 3 and an edge
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2

coverage area 2 farther from the center 3 are depicted. As the
central coverage area 1 is closer to the center 3, a user in the
central coverage area 1 is given better wireless signal trans-
mission and reception quality, whereas a user at the edge
coverage area 2 farther away from the center 3 receives
weaker wireless signals and also suffers from severer inter-
cell interference. A directional antenna 4 associated with a
sector points to a central position of a border 5, and so a
coverage area of each directional antenna 4 forms a triangular
shape in a hexagonal cell. Signals transmitted along a direc-
tion pointed by each of the directional antennas 4 have the
strongest strength, whereas signals transmitted along other
angles towards two sides of the directional antenna 4 are
gradually weakened. Referring to F1G. 2 showing a curve 6 of
antenna gain, when the direction of the directional antenna 4
is a reference angle (0 degree), the coverage area of the
directional antenna 4 is 0 to =30 degrees extended to the left
and 0 to +30 degrees extended to the right. Note that a user is
located closer to the angle of 0 degree (the direction pointed
by the directional antenna 4), better signals are obtained. As
the location of the user is getting towards the two sides of the
directional antenna 4, signals are gradually weakened, thus
damaging the signal quality of wireless transmission. A con-
ventional hexagonal cell is sectorized into triangles for 60-de-
gree sectorization. Referring to a particular edge coverage
area 2 in FIG. 1, a height of a particular bar 7 in FIG. 2
represents an edge area to a particular corresponding one
angle span. In other words, as a deflection angle from the
directional antenna 4 gets larger, the area occupied by the
corresponding bar 7 in the edge coverage area 2 of the triangle
becomes greater. Further, as observed from FIG. 2, the bars 7
are inversely proportional to the antenna strength curve 6.
That is, as an included angle of the directional antenna 4 gets
larger, a corresponding edge area ratio occupied also becomes
larger. Thus, the edge area of a sector is mainly distributed in
regions far away from the direction giving the maximum
antenna gain. In general, users are uniformly distributed in a
cell. For the conventional sectorization method, it follows that
most CEUs are located in regions with less transmitted
antenna gains, which unfortunately cause that most user sig-
nals transmitted are weakened due to their corresponding
smaller antenna gains.

Also, referring to FIG. 3, in the conventional cell sector-
ization, a CCS corresponding to a CEU 8 located at the edge
coverage area 2 only includes two neighboring collaborative
base stations (one its own home base station and one neigh-
boring base station). Each of the two base stations has a
directional antenna exactly pointing towards each other.
Thus, a CEU located in the edge coverage area 2 is provided
with only one additional neighboring cell for signal connec-
tion and data transmission. Further, the CEU also receives a
greater interference strength that further degrades transmis-
sion quality.

SUMMARY OF THE INVENTION

Therefore the primary object of the present invention is to
overcome issues of low signal strength as well as unsatisfac-
tory data rate and signal quality at an edge coverage area in
wireless communication.

To achieve the above object, a network multiple-input mul-
tiple-output (MIMO) wireless signal transmission and power
control system is provided. The network MIMO wireless
signal transmission and power control system is a multi-
cellular system, which comprises a plurality of adjacently
arranged cells. Each of the cells is a regular polygon, and
comprises a plurality of adjoining sides, a base station located
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at a center of the cell, a plurality of directional antennas
equipped at the base station, and a power adjustment unit
electrically connected to the directional antennas. The direc-
tional antennas point towards connection points of the adjoin-
ing sides, and sectorize the cell into a plurality of kite-shaped
sections by regarding the directional antennas as centers. The
power adjustment unit controls power output of the direc-
tional antennas.

It is known from the above descriptions that, in the present
invention, by changing pointing directions of the directional
antennas, the cell is sectorized into kite-shaped sections,
thereby the CEUs can be offered with better wireless signals.

The foregoing, as well as additional objects, features and
advantages of the invention will be more readily apparent
from the following detailed description, which proceeds with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic diagram of a cell structure in the prior
art.

FIG. 2 is a schematic diagram of a relationship between an
antenna gain and a position in the prior art.

FIG. 3 is a schematic diagram of a cell system range in the
prior art.

FIG. 4 is a block diagram of the present invention.

FIG. 5 is a schematic diagram of a cell of the present
invention.

FIG. 6A is a schematic diagram depicting spectrum utili-
zation in a cell system of the present invention.

FIG. 6B is a schematic diagram depicting frequency divi-
sion of the present invention.

FIG. 7 is a comparison diagram of signal interference.

FIG. 8 is a comparison diagram of signal capacities.

FIG. 9 is a comparison diagram of cumulative distribution
functions.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 4 and 5, a network multiple-input mul-
tiple-output (MIMO) wireless transmission and power con-
trol system comprises a plurality of adjacently arranged cells
10. Each of the cells 10, being a regular polygon, comprises a
plurality of adjoining sides 11, a base station 13 located at a
center 12 of the cell 10, a plurality of directional antennas 14
equipped at the base station 13, and a power adjustment unit
70 electrically connected to the directional antennas 14. The
directional antennas 14 point towards connection points of
the adjoining sides 15, and sectorize the cell 10 into a plurality
of’kite-shaped sections 20 by regarding the directional anten-
nas 14 as centers. The power adjustment unit 70 controls
power output of the directional antennas 14. Fach of the
kite-shaped sections 20 comprises a central coverage area 21
adjacent to the center 12, and an edge coverage area 22
adjacent to the corresponding adjoining sides 11. In the
embodiment, each of the cells 10 is a regular hexagon, and the
central coverage areas 21 of the kite-shaped sections 20 sur-
round the center 12 to form a circular coverage area, which
jointly forms the regular hexagonal cell shape with the edge
coverage areas 22.

Referring to FIG. 6A, in order to prevent inter-cell inter-
ference and to enhance signal transmission/reception quality,
aswell as to offer users at edge areas between the cells 10 with
better communication quality, a configuration for spectrum
utilization is provided by the disclosure. A base station 13
transmits over an inner area frequency band 30 and at least
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two outer area frequency bands 40. As shown in FIG. 6B, a
frequency range of the inner area frequency band 30 is non-
overlapping with those of the outer area frequency bands 40.
The inner area frequency band 30 is for use of users located in
the central coverage area 21, and the outer area frequency
bands 40 are for use of users located in the edge coverage area
22. In an alternative embodiment, instead of two outer area
frequency bands 40, the number of the outer area frequency
bands 40 may be correspondingly arranged according to con-
figurations and shapes of the cells 10. In the embodiment, a
plurality of cells 10 are connected to one another to form a
cellular structure. For illustrations, any three adjacently
arranged cells 10 are defined as a first cell 10a, a second cell
105 and a third cell 10c, as shown in FIG. 6 A. Each ofthe cells
10 transmits over the inner area frequency band 30 and two
outer area frequency bands 40.

Referring to FIG. 6B, due to a limited distance from the
base station 13 to users located in the central coverage area
21, the cells 10 may utilize the same inner area frequency
band 30 without interfering one another. Regarding the outer
area frequency bands 40, the base station 13 of the first cell
10q in FIG. 6A transmits over a first outer area frequency
band 41 and a second outer area frequency band 42; the base
station 13 of the second cell 105 transmits over the second
outer area frequency band 42 and a third outer area frequency
band 43; the base station 13 of'the third cell 10c¢ transmits over
the first outer area frequency band 41 and the third outer area
frequency band 43. In the first cell 10qa, the first outer area
frequency band 41 and the second outer area frequency band
42 respectively correspond to three kite-shaped sections 20,
and are alternately arranged. In the second cell 105, the sec-
ond outer area frequency band 42 and the third outer area
frequency band 43 respectively correspond to three kite-
shaped sections 20, and are alternately arranged. In the third
cell 10c, the first outer area frequency band 41 and the third
outer area frequency band 43 respectively correspond to three
kite-shaped sections 20, and are alternately arranged.

Referring to FIG. 6A, the adjacent kite-shaped sections 20
of the first cell 10a, the second cell 105 and the third cell 10¢
utilize different frequency ranges of the outer area frequency
bands 40 to serve their own CEUs within respective cell
coverage. In addition to serving one CEU by a designated
outer area frequency band of the home cell where the CEU is
located, the CEU is also served collaboratively by two addi-
tional adjacent cells using the same outer area frequency
band. As previous stated, in a network MIMO system, each
CEU has a corresponding CCS, and is served by all base
stations in the CCS. For example, referring to FIG. 6A, for a
CEU located at an edge position P1 of the first cell 10q, the
CCS of the user includes the cells 10a, 105 and 10c. The
corresponding kite-shaped section 20 of the user at P1 in the
first cell 104 utilizes the first outer area frequency band 41.
Meanwhile, the adjacent second cell 105 and third cell 10¢
utilize the same first outer area frequency band 41 to collabo-
ratively serve the CEU in the first cell 10a. Since transmission
channel conditions of the base stations 13 are independent,
the CEU is given higher transmission macro diversity when it
is collaboratively served by the three cells 10a, 105 and 10c in
the CCS. The advantage of high transmission macro diversity
helps in solving the issue of low signal strength at the edge
coverage area in wireless transmission. Recall that the order
oftransmission macro diversity is only two (that is, the size of
CCS is two) for the conventional cell sectorization (referring
to FIG. 3). Further, as the adjacent first cell 10qa, second cell
105 and third cell 10c respectively utilize the first outer area
frequency band 41, the second outer area frequency band 42
and the third outer area frequency band 43 with different
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frequency ranges, signal transmission between the corre-
sponding CEUs is free from mutual interference, thereby
effectively overcoming the issue of signal interference caused
by frequency overlapping.

Regarding power control, a specific power and a number of
users for the central coverage area 21 are respectively defined
as Pc and x, and a specific power and a number of users for the
edge coverage area 22 are respectively defined as Pe and y.
Since the CEU in each edge coverage area 22 has a corre-
sponding CCS, the CCS includes the base station 13 corre-
sponding to the CEU and two additional adjacent base sta-
tions 13 that collaboratively serve the CEU. Therefore, for
one specific cell 10, the users it serves not only include users
located within its own coverage, but also may simultaneously
include other CEUs located in the edge coverage areas 22 of
other adjacent cells 10. Therefore, for one cell 10, its served
CEUs located at the adjacent edge coverage areas 22 of other
adjacent cells also need to be considered for power control. In
the present invention, for one cell 10, a specific power and a
number of served CEUs associated with the edge coverage
areas 22 of other adjacent cells are respectively defined as Pe'
and z. It is defined that Pta=xPc+yPe+zPe', where Pta is the
total transmission power emitted from a directional antenna
and zPe' is the power consumption for serving the CEUs at the
edge coverage areas of other adjacent cells. For one cell 10, it
is obvious that the more power (zPe') the inter-cell CEUs
consume; the less power its own intra-cell users can use.
Thus, it is also defined that K=zPe'/Pta. When K is greater
than an outer area threshold coefficient Kmax, the power
adjustment unit 70 is controlled to reduce the total power
required by the CEUs at the edge coverage areas of other
adjacent cells. In the embodiment, when K is greater than the
outer area threshold coefficient Kmax, a reduction coefficient
may be defined as:

Kmax (xPc-yPe)

1
£ XPer

= T—Kmax

When K does not exceed the outer area threshold coeffi-
cient Kmax, it is defined that p1=1. Thus, the power adjust-
ment unit 70 controls the specific power Pe' to p1*Pe’, thereby
effectively controlling the total power required for serving the
CEUs at the edges of adjacent cells without affecting the
power allocated to the intra-cell users within the central cov-
erage area 21 and the edge coverage area 22.

In addition, when the overall power required Pta is greater
than a maximum threshold power Pmax, the power adjust-
ment unit 70 is controlled to reduce the power of Pc, Pe and
Pe' using equal proportions. In the embodiment, when Pta
exceeds the maximum threshold power, it is defined that

2_Pmax
P P

or else it is defined that p2=1. Therefore, the power adjust-
ment unit 70 controls the specific power of the central cover-
age area 21, the specific power within the edge coverage area
22 and the specific power outside the edge coverage area 22 to
be p2*Pc, p2*Pe and p2*(pl1*Pe'), respectively, so as to
stabilize the output power of the base station 13.

FIG. 7 shows an interference reception curve 51 of a con-
ventional technique and an interference reception curve 52 of
the present invention, observed in edge coverage area 2 and
22, respectively. In the conventional technique, a deflection
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6

angle is an angle included by a connection line between a user
and the center 3 and the directional antenna 4. In the present
invention, a deflection angle is an angle included by a con-
nection line between a user and the center 12 and the direc-
tional antenna 14. As shown in FIGS. 1 and 3, in the prior art,
the interference reception curve 51 results from a triangular-
shaped edge coverage area formed by having the directional
antennas 4 of two adjacent base stations of a CCS exactly
point towards each other. As shown in FIGS. 5 and 6A, the
interference reception curve 52 results from a kite-shaped
edge coverage area formed by relatively changing the point-
ing directions of directional antennas such that the size of a
CCS is increased to three. As shown in FIG. 7, comparing the
interference reception curves, the interference strength
received by the kite-shaped section (interference reception
curve 52) is lower than that received by the conventional
triangular-shaped section (interference reception curve 51).
This indicates that the kite-shaped section interference recep-
tion curve 52 has better anti-interference capability.

FIG. 8 shows a schematic diagram comparing capacities in
terms of numbers of users. Referring to FIGS. 1 and 3 show-
ing the prior art, in the conventional technique, it is apparent
that performance of a curve 61 at the central coverage area 1
is noticeably better than that of the curve 62 at the edge
coverage area 2. More specifically, the better performance of
the curve 61 results from the stronger signal reception at the
central coverage area 1. In contrast, as the signals received at
the edge coverage area 2 are far from that received at the
center 3 and also susceptibly interfered by signals of co-
channel cells 10, their quality and strength are significantly
lower than those of the curve 61 of central coverage area.
Referring to FIGS. 6A and 8, for the present invention, its
performance curve 63 at the central coverage area 21 is simi-
lar to the central-coverage curve 61 of the conventional tech-
nique. Since both are located close to the base station at the
center, no noticeable performance differences are observed.
However, the performance of a curve 64 at the edge coverage
area 22 of the present invention is remarkably better than the
curve 62 at the edge coverage area 2 of the conventional
technique. A main reason for the improved performance is
that, with the design of the kite-shaped sections 20, the size of
CCS is increased as compared with the conventional one. As
shown in FIG. 6A, it is found that a CEU located at the edge
coverage area 22 is offered with more options of performing
signal connection from two additional adjacent collaborative
cells 10 and thus provided more signal source selections.
Further, as shown in FIG. 7, with the kite-shaped sections 20
of the present invention, the interference strength received is
lower than that received by the conventional triangular
design. Thus, in FIG. 8, the performance curve 64 of a CEU
located at the edge coverage area 22 is remarkably better than
that curve 62 of a CEU located at the conventional edge
coverage area.

FIG. 9 shows a diagram of cumulative distribution func-
tions (CDFs). Similarly, the performance of the kite-shaped
section central coverage curve 63 is similar to that of the
triangular central coverage curve 61. With the same value of
CDFs, the kite-shaped section edge coverage curve 64 of the
edge coverage area 22 is superior to the triangular edge cov-
erage curve 62. That is to say, under the same CDF value, a
high signal-to-interference-plus-noise ratio (SINR) is
obtained by thekite-shaped section edge coverage curve 64 of
the present invention.

In conclusion, the present invention offers the advantages
below. First of all, the cell is sectorized into a plurality of
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kite-shaped sections by changing the pointing directions of
the directional antennas; thereby the CEUs can be offered
with better wireless signals.

Secondly, one CEU at the edge coverage area of any cell is
allowed to receive signals of outer area frequency bands from
two additional collaborative adjacent cells. Thus, a CEU is to
provided with more options for signal connection and data
transmission to enhance signal quality and signal strength.

What is claimed is:

1. A network multiple-input multiple-output (MIMO)
wireless signal transmission and power control system, com-
prising:

a plurality of adjacently arranged cells, each being a regu-

lar polygon and comprising:

a plurality of adjoining sides;

a base station, located at a center of the cell;

a plurality of directional antennas, equipped at the base
station; and

a power adjustment unit, electrically connected to the
directional antennas;

wherein, the directional antennas point towards connection

points of the adjoining sides, and sectorize the cell into a
plurality of kite-shaped sections by regarding the direc-
tional antennas as centers, and the power adjustment unit
is for controlling power output of the directional anten-
nas,

wherein each of the kite-shaped sections comprises a cen-

tral coverage area adjacent to the center ofthe cell and an
edge coverage area adjacent to the adjoining sides of the
cell, and

wherein a specific power and a user number of the central

coverage area are respectively defined as Pc and x, a
specific power and a user number of the edge coverage
area are respectively defined as Pe and y, and a specific
power and a user number outside the edge coverage area
of other collaborative adjacent cells are respectively
defined as Pe' and z; it is defined that Pta =xPc+yPe+
zPe', and K =zPe'/Pta; when K is greater than an outer
area threshold coefficient Kmax, the power adjustment
unit is applied to reduce the specific power outside the
edge coverage area.

2. The network MIMO wireless signal transmission and
power control system of claim 1, wherein the base station
transmits using an inner area frequency band and at least two
outer area frequency bands, frequency ranges of the inner area
frequency band and the at least two outer area frequency
bands are non-overlapping, the inner area frequency band is
for use of users within the central coverage area, and the at
least two outer area frequency bands are for use of users
within the edge coverage area.

3. The network MIMO wireless signal transmission and
power control system of claim 1, wherein the power adjust-
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ment unit is controlled to reduce the specific power outside
the edge coverage area to p1*Pe', where

Kmax (xPc- yPe)
X—a—

XPe

1 =
£ 1 — Kmax

4. The network MIMO wireless signal transmission and
power control system of claim 1, wherein when Pta is greater
than a maximum threshold power Pmax, the power adjust-
ment unit is controlled to reduce powers Pc, Pe and Pe' by an
equal proportion.

5. The network MIMO wireless signal transmission and
power control system of claim 4, wherein the power adjust-
ment unit is controlled to reduce the powers Pc, Pe and Pe' by
the equal proportion to p2*Pc, p2*Pe and p2(p1*Pe") respec-
tively, where

Pmax
Pia '

6. The network MIMO wireless signal transmission and
power control system of claim 2, wherein each of the cells is
a regular hexagon, any three adjacently arranged cells are
respectively defined as a first cell, a second cell and a third
cell; the base station of the first cell transmits over a first outer
area frequency band and a second outer area frequency band,
the base station of the second cell transmits over the second
outer area frequency band and a third outer area frequency
band, and the base station of the third cell transmits over the
first outer area frequency band and the third outer area fre-
quency band.

7. The network MIMO wireless signal transmission and
power control system of claim 4, wherein in the first cell, the
first outer area frequency band and the second outer area
frequency band respectively correspond to three kite-shaped
sections, and are alternately arranged; in the second cell, the
second outer area frequency band and the third outer area
frequency band respectively correspond to three kite-shaped
sections, and are alternately arranged; in the third cell, the first
outer area frequency band and the third outer area frequency
band respectively correspond to three kite-shaped sections,
and are alternately arranged.

8. The network MIMO wireless signal transmission and
power control system of claim 5, wherein the adjacent kite-
shaped sections of the first cell, the second cell and the third
cell transmit at the outer area frequency bands having difter-
ent frequency ranges.
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